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FORCES ON ELLIPTIC CYLILNDER IN UNIFORM AIR STREAM

By A. F. ZAHM, R. H. SMITH, and F. .4. LOUDEN

TM repor~ presents the
fineness ratios, conducted in
the tests was to investigate
normally has an elliptic section with a fineness ratio of 4.0; ako to learn whether a reduction in

INTRODUCTION

resuIts of wind tunnel tests on four elliptic cylinders with various
the NTavy Aerodynamic Laboratory, Washington. The object of
the characteristics of sections suitable for streamline wire which

fineness-ratio would ~esult in impro~e-
ment; ako to determine the pressure = ‘“
distribution on the model of fineness g

.

ratio 4-. — i

Four elliptic cylinders w-ith fine- +
ness ratios of 2.5, 3.o, 3.5, and 4.o z
were made and then tested in the 8 ‘“~]

b~ 8 foot tunnel; first, for cross-wind ;
force, drag, and yawing moment. at
30 miIes an hour and ~arious angles g
of yaw-; next for drag at 0° pitch and .2
00 yaw and Yarious wind speeds; then
for end effect on the smallest and FLG.l.–ElIiptic cylinder 2 by 5 inches momted with end pIetes

largest models; and lastly for pressure distribution over the surface of the largest model at 0°
pitch and 0° yaw and various wind speeds. In alI tests, the lengLh of the model -wastransverse
to the current. The results are given for standard air density, p= .002378 slug per cubic foot.

This account is a slightIy revised form of Report 3T0. 315, prepared for the Bureau of Aero-
nautics, July 13, 1926, and by it submitted for publication to the ATationa.lAdvisory Committee
for Aeronautics. A summary of conclusions is givert at the end of the text.

DESCRIPTION OF MODELS

The four elliptic cylinders, the smallest of which is shown in Figure 1, and profles of which
are shown in Figure 10, were each 62 inches long and 2 inches thick; their widths were .5, 6, 7,
and 8 inches. The specified offsets are given in TabIe 1 and for each case can be derived from the
equation of an eIIipse. All of the cylinders were of laminated pine, varnished, and then rerified
by apphcation of their construction templates. After the tests, howe~er, a few measurements of
offsets taken on the plane table indicated that the modek were slightly unsymmetrical. The
2 by 8 inch cyIinder had detachable end segments to fill up the space between the floor and ceiling
of the tunnel during the pressure distribution test.

In a second test series adjoining end plates, Figure 1, w-ere used to detertie the end effect
on two of the cy!inders. They were made from fairly plane galvanized-iron plate and measured
24 by 24 inches.

In Figure 2 the pressure colIector is shown inserted as a center segment in the 2 by 8 inch
model. It w-as made of bronze accurate to 0.001 inch in the offsets. Its dimensions and the loca-
tion of its 16 holes are given in Figure 3. The pressure leads, one running from a hole in the nose
and the other successively from each surface hole, were each connected with ~-inch tubing
which ran lengthwise through the strut to a manometer outside the tunnel.
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METHOD OF TESTING

TO measure the forces and yawing moment, each cylinder was mounted, without end plates,
at its center on the two-prong fork, Figure 1, extending from the shank of the tri-dimensiond
balance described h reference 1. The angle of yaw was varied from – 6° to 20° by 2° inter-
vals, the wind speed was held at 30 miles an hour, and the cross-wind force, drag, and yawing

moment were simultaneously measured on the cylinder
and exposed portion of the holder; then on the holder
alone with the cylinder detached but not removed.
The difference u-as taken as the true force or moment
component. The precision of such measurements is
given in Reference 2. The drag measurements with
the cylinders at 0° pitch and 0° yaw were taken in
the. same way; the wind speed being varied from 20
to 60 miles an hour by 10 mile intervals.

To determine the end effect of the smallest and
largest cylinders, the plates were mounted at the ends
of the model as shown in Figure 1, and the cross-wind

FIG. 2.—Pressure collector inserted in 2 by 8 inch eIliptic force and drag were measured at intervals of 4° yaw.
cylinder The measurements were repeated without the plates.

The percentage difference applied to the original force data gave values for the infinite cylinder.
The pressure distribution measurements were made on the 2 by 8 inch cylinder, which was

mounted vertically in the tunnel with extension end segments accurately in line and with the
pressure collector inserted in the middle of its span. The difference of pressure between the
nose and each of the holes aft of the nose was
determined successively. To do this all the
surface holes were plugged except one which
was joined to one pressure lead, while the
nose hole was joined to the other lead. The
wind speed was then varied from 20 to 70
miles an hour, by 10 mile intervals, and
the cliffere.ntial pressure was measured on
an alcohol .rnanometer having a 1 to 10
slope. These measurements could be read in
aH cases to within O.OO5 inch vertical of
alcohol, Thus the point pressure could be
determined to about one-haIf of 1 per cent
for speeds above 40 miles a-n hour; to within
less than 2 percent for the lower speeds. The
air speed was held constant to within one-
haIf of 1 per cent.

RESULTS. OF FORCE AND MOMENT

MEASUREMENTS

The cross-wind force and drag on the
62-inch cylinders at various angles of yaw
are given in Tables II and IX together with

tQ
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FIG. 3.–Bronze pressore collector for elliptic cylinder 2 by 8
inches, fineness ratio 4

their coefficients which are the respective forces divided by ~ p V12 times the frontal area S, T’1

being feet=per second. The coefficients are plotted in Figures 4 and 6.
The cross-wind coefficient * increases positively at negative yaw and negatively at positive

yaw as the fineness ratio is increased from 2.5 to 4.0. The fact that the force is not zero at
zero yaw is probably due to the models being slightly unsymmetrical]. The maximum coeffi-
cient is —4.28 for the 2 by 8 inch cylinder.

iTOexp~essthese cross-wind coefficients as lift coefficients, muftiply them by frontal area/chord. plane area.
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FIG. 4.—EfIiptic c~linders of varions fimess ratim. Lmgth of cyIinder 62
inches, models at O“pitch, sir speed 30 M. P. Ef.
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The drag coefficient is decreased by increasing the fineness ratio at zero yaw, but the dif-
ference is less as the yaw increases and between 4° and 6° the cylinder of fineness ratio 3.5 has
a drag coefficient equally as low as the 2 by S inch cylinder. From 6° to 13°, the 2 by 6 inch
cylinder has ttheleast drag coefficient; beyond 130 yaw, the greater the fineness ratio the greater
the drag coefficient.

The yawing moment about the N-axis is presented in Table IV; the resulting lines of force
and the center of pressure travel are shown in Figures 9 and 10. As the fineness ratio of the
cylinder increases} the center of pressure moves slightly aft.:

The ratio of the forces C/D, is given in Table .5 and the graphs are given in Figure 8. The
2 by 8 inch cylinder is superior for angles of yaw up to 16°. (2[D max. for this cylinder is – 12
at 8° yaw.

Tables VI and VII give the force measurements on the smallest and largest mode] with and
without end plates, the percentage difference and the coefficients for the infinite cylinder;
Figures 5 and 7 compare the coefficients of the finite and infinite cylinders. The cross-wiad
force coefficient is increased positively at negative yaw and negatively at positive yaw when
the cylinder becomes endless. The drag coefficient for the infinite cylinder is less than for
the finite. a

With the cyhnders at 0° pitch and yawl the resistance and corresponding coefficients for
various speeds are given in Table VIII and plotted in Figure 11. IIere the resistance of the 62-
inch cylinder was taken to be substantially the same as for a 62-inch segment of an infinite
cylinder, as the increment due to end effect was small arndcould not be measured. On comparing
the four struts, it is seen that at high speeds the drag coefficient is not lowered by increase of
fineness ratio; at-speeds of 50 and 60 miles an hour, the models with fineness ratios of 3.0 and
.3.5 have a lower c~efficient than the 2 by 8 inch model.

RESULTS OF PRESSURE DISTRIBUTION MEASUREMENTS

The differential pressure measurements made on the 2 by 8 inch cylinder are presented in
Table IX, and their conversion from inches of alcohol on a 1 to 10 slope to vertical inches of
water is ako given. Table X gives the point pressure at the se~-eral holes found by subtracting
the differential pressure from the nose pressure. These data are plotted in I’igures 12 and 13.
Table XI gives the point pressure in terms of the nose pressure.

One sees from Figure 12 that for this strut shape the point pressure at alI used speeds

decreases from full impact ~ P V* at the nose to zero at a distance of 2.1 per cent of the cylinder
.

width from the nose; the maximum suction occurs at about three-eighths of the width from the
leading edge and is equal to about .6 the nose pressure. For speeds of 40 to 70 n]iles an hour
there is another point of zero pressure near the trailing edge and a positive pressure aft of that;
for the lower speeds, a slight suction is still evident at the trailing edge. Figure 13 shows that
the pressure at each hole varies nearly as the square of the velocity.

The graphs of the f aired values of the point pressure, multiplied by (70/ V)z to make them
conlparable are shown in Figure 14= The integrals of each pressure graph, giving the elements
of the pressure drag and the summation of these or the resultant pressure-drag, are given in
Table 12 and plotted in Figure 15. N7ith them are shown the total drag and the rwdtant
friction. The order of graphic integration here used to find the force J pdy over the various
portions of the surface of tk l-foot-long center Segment of the cylinder is detailed in the
diagrams of Figure 17.

It is seen that-the downstream push and the upstream suction vary as P. The upstream
push is zero at low speeds since the pressure did not become positive near the trailing edge of the
model at these speeds. The difference between the total downstream and upstream pressure
forces, which is the pressure drag, is seen to increase up to a speed of 35 miIes an hour and then
decrease. The difference between the curves of total drag and pressure drag, giving the frictional
drag, varies as V“ where n.= 1.97.
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FIG. 8.—Elfiptic cylinders of various dneness ratia.. Le@h of cylinder 62
inches, modek at 0° pitch, air speed 30 M. P. H.

FIG, 10.—Center of preasme at various angles of yaw, of elliptic eyliuders of various dne-
ness ratios. Length of cyIinder 62 inches, modefs at 0° pitch,& speed 34 M. P. H.
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FIG, 15.—Elliptic cylinder 2 by 8 inches, model at O“pitch and @ yaw

Figure 16 portrays theoretical curves of point pressure and zonal pressure drag together
with the measured pressure, all at 40 miles an hour, and the pressure drag computed from these
measurements. Formulas for the theoretical cur-v-es are given in reference 3.

The measured pressures agree weIl with the theoretical except at the rear where the flow is
turbulent. The pressure drag is a maximum where p = o and a minimum amidships. The whole
pressure drag on the front half of the model is negative. TheoretimJly this is baIanced by the
rear drag, but actually there is a downstream resultant which here is one-third the whole meas-
ured drag or one-haIf the friction drag.

COIfCLUSIONS

From Figures 4, 6, S, it is seen that for FId = 7.33 (ft. Xft./sec.) the best, characteristics occur
vrhen the elliptic cylinder has a fineness ratio of 4.o. Figure 11 indicates that the above con-
clusion w-ouId hold for small Reynolds NTumbers, but for large Reynolds ATumbers, t’ld> 11, the
drag is less for a cylinder fineness ratio of 3.0 or 3.5, and this would probably result in an improved
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(?/D curve which would mean that improved characteristics could be obtained with a fineness
ratio smalIer than 4.0.

If we assume a speed of 150 miles an hour and streamline wire with a thickness of one-fourth
inch, T71d= 4.6 (ft. Xft./sec. ), atsuch a Reynolds Number an elliptic section with a fineness ratio

-.

of 4.0 would have better characteristics than a section with a srn_allerfineness ratio.
Comparing the point pres-

sure over the surface of the ellip-
tic cylinder with that over the
surface of the NTavy No. 1 modi-
fied strut given in Reference 4, it
is seen that the maximum suction
is further aft for the elliptic sec-
tion, and the streamlined trailing
edge of the strut-results in the
pressure being zero at the same
point near the trailing edge for
any speed, while for the elliptic
cylinder as the speed decreases
the pressure is zero further aft,
and for the low-test speeds there
is still a suction at the trailing
edge. Thus the character of the
air flow at the after part of the
elliptic cylinder is clifferent for
different speeds.

For an elliptic cylinder or
any simple quadric, fixed at any
attitude in a uniform infinite
stream of inviscid liquid, it can
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be shown, Reference 3, that tke zonal pressure drag is upstream on the fore part; downstream on
the rear part; zero on the whole. The model in Figure 16 exhibits these properties except that
the resultant pressure drag, owing to viscosity, is not quite zero.

AL 40 miles an hour the drag coefficient of the 2 by 8 inch elliptic strut; at zero yaw and with
free ends, is about 2.5 times that previously found for the best Navy strut, as given in Reference 4.
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[EIfiptic cylinder. Verious fineness ratiol
TABLE I

SPECIFIED OFFSETS

Distance from leading edge (inches)

i by 5 inch
cylinder

o.
.050
.125
.250
.275
.500
.750

L 000
1.500
2.000
2.500
3.000
3.500
4000
4.250
4.500
4.625
4.750
4.87’5

I 4950
I 5.000

I by 6 inch
@inder

o.
.060
.150
.300
.450
.600

i %:
1.800
2.400
3.000
3.600
~ ~oo

4800
5. 100
5.400
5.550
5.700
5.850
5.940
6.000

o.
.070
.175
.350

525
.700

1:050
1.400
2.100
2.800
3.500
4.200
4.900
5.600
5.950
6.300
6.475
6.650
6.825
6.930
7.000

o.
. 0s0
.200
.400
.600
.800

L 200
1.600
2.400
3.200
4.000
4.800
5.600
6.400
6. S00
7. 20Q
‘r. 400
7.600
7. Soo
7.920
s. 000

Thickness
(imches)

o.
.399
.624

S72
i 054
1.200
1.428
1.600
1. S33
1.960
2.000
L 960
1. S33
L 600
1.428
1.200
1.054
. S72
.624

399
0:

[Elliptic cylinder. Verious freeness ratio]
TABLE H

NET MEASURED CROSS-KIND FORCE AT 30 M. P.’H. AND CROSS-WIND FORCE COEFFICIENTS

ModeI at 0° pitch

I Crass-wind force on 62-inch cylinder C (pounds) I Cross-wind force coefficient C2=2C’/pVI~S(absoIute)

Fineness ratio

2.5 3.0

I -4

3.5 4.0 2.5

–6---____.’
–4--------
–2________

o________
+2________

4--------
6________
s________
lo_______
12_______
14_______
16________
18_______

+20_______

+4.
3.
L

–+i
– 3.
–4.
–4.
– 5.
–5.
– 5.
–5.
– 6.
– 6.

+4_ 366 +4.
3.326

+1. 676 +1
–. 234

–2. 116 –-
–3. 698 – 3.
–4. 6$0 – 5.
— 5.353 — 5.
—5. S96 — 6.
– 6.146 – 6.

761
526
741
284
344
9*5
005
774
336
S56

–6. 415 –7. 195
– 6.645 –7. 475
– 6.769 —7. 664
–6. 721 —7. 574

+4
3.

+ L

–-
–4
– 5.
– 6.
– 6.
— 7.
– 8.
– 8.
– 8.
—5.

969
550
662

2!
005
247
152
886
526
037
394
4s9
534

+2.
L

L
,-

–7.
–2.
–2.
–2.
–2.
–2.
– 2.
– 3.
– 3.

WJs
9518
0269
0819

3.0

+2. 2026
1.6779

+. S455
–. 11s1

–L 0675
–L 8656
– 2. 340s
—2. 7005
–2. 9745
– 3.1006
– 3.2363
– 3.3523
–3. 4149
– 3.3907

.

1
3.5 4.0

+2. 4019 +2. 506S
L 77S8 L 7909

+. 8783 +- S385
—. 1433 –. 2119

–1. 1S25 – L 2350
– L 9902 —2. 0205
–2.5!250 –2.6470
–2. 9129 –3. 1036
–3.196+ ~ –3.4739
– 3. 458S – 3. 796S
—3.6298 ~ –4.0546

—
.-. —

—

C.= Cross-wind force coefficient =2 C/pV12S.
C = Net (model without ho~der) cross-wind force iu pounds.
S = Frontal area of cylinder= 0.8611 sq. ft.
1’, = Air speed= 44 ft./see.
P = Air density= 0.002378 sIugJcu. ft.
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[Elliptic cylinder. Various fineness ratio]

TABLE III

NET MEASURED DRAG AT 30M. P. H. AND DRAG COEFFICIENTS

Model at 0° pitch

Drag of 62-inch cylinder D (pounds)
1.” -

Drag coefficient CD=2D/P VI~S(absolute)
. ,

Angle of yaw
. .

(degrees) Fineness ratio

2.5 3.0 3.5 4.0

–6.. ._.___ 0.531 0.471

–z________ .503 .424 .404
o________ .521 .441 .406

+2--------- .507 .411 .401
4._. _____
6________
8________ .530
Io_______ .566
12_______ .602 : 5!34 .628”
14__. __...
16_______ ..: 690 .706 .756 .858
18_______ 736 774 .830 .

3905 .4187
+20_______ :791 1. :868 .991 2:’% .: i::;. : 4379 .4999

CII = Drag coefficient= 2D/pV,’S.
D= Net (model without holder) drag impounds.
IS’= Frontal area of cylinder =O.8611 sq. ft.

1’, = Air speed =44 ft./see.
p= Air density =0,002378 slug/cu. ft.

[EIIiptic cylinder. Various fineness ratio]

TABLE IV

NET MEASURED Y.4WNG MOMEXT ABuUT N=AXIS ZOF MODEL EIOLDER IN POUND-INCHES AT 30 M. P. IL

Modelat 0° pitch

!
Angle of yaw

(degrees)
I 2.5

–6-----------
–4----------- “
–z------------

o-----------
+2___________

4___________
6___________
8-----------
lo-.. ______:-:
12-. _._-. ~.-~
lo.___ .--_.-!
lo-_ --_.-__!
18---------~

+20--_ -..__!-_!

–2. 738
– 3.295
–3. 821
–3. 794
–2. .546

–. 640
+; ;4;

5:244
7.190
9.218

11.336
12.963

+.1~. 69fj

Finen@ ratio

3.0

– 3:109
– 3.329
–3. 519
–3. 161
– L 601
$ ;5;

5:381
7.860

10.306
12.376
14.882
16.837

+ 18, 590

3.5

– 4.
–%
– 3.
– 2.
—

587
433
857
727
634
356
444
337
528
772
856
728
633
215

I
1-4.0 ,

-.

– 5.807
—5. 135
–4, 029
–2. 346

+ 288
3.514
7.092

10.311
14.406
18.246 /
21..828 ‘
2...:? [

+ 18.732
i

1 N=axis is 6.91 inches above chord of cylinder for all fineness ratios, and 2.26 inches aft of nosefor fineness
raLio=2.O; 2.72 inches aft of nose for fineness ratio=3.O; 3,35 inches aft of nose for fineuess ratio =3.5; 3.84
inches aft of nose for fineness ratio=4.O.

..

--

, —=

.—

,.
. .

.
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[IHIWc Cyltik. I-arimrs Enenes ratio]

TABLE V

CID AT 30 M. P. H. FOR 62 INCH LONG CYLINDERS

Model at 0° pitch

I Fineness ratio
Angk of ~6W ~

(degrees)

! 14 3“0 b--la
,

–6-_.---. ----l +8. 12 +9. 2s + 10.3 I ,+-10..4 !–4----------~ 6.76 7. n
—-?

I t
3.63 +3. 95 +::: I &: ~! =------- —---

o--_--___--_/ +. 111 –. 531 —. 700
! +2___________ – 3.40 –5. 15 – 5. S5 –6:62

4--__ --_l---l –6. 61 –8. 46 –9. 60 – 10.1
6___________ –S. 40 –lo.’~ –11. 4 –11. 7
8----------- –s 94 —10. 8 –11. 6
lo.- _-------,

–12. o :
–9. 06 –lo. 9 –1L3 –1L8 ~

12..-i-------i –8.95 —lo. 3 —10.9 ‘
14__________~

–11.4 ~
–s. 77 –9. 89 – Lo. 4

16_. -_. __-__ I
—10.7 \

–8. 48 – 9.42 –9. 89 –9. 79 j
18----------I – 8.15 –8. 75 –9. 23

L90 –7. 72
–8. 90 ;

8~ ---- –----– —7. 75 —7. 65 –2. 73

[En,ptm c~linder. Fineness ratio =2.5 and 4.0]
TABLE VI

CROSS-~~D FORCE WITH AXO WITHOUT END PLATES AT 30 M. P. E., PERCENTAGE
DIFFEREk”CE. AND COEFFICIENT FOR LNFINITE C!YL12KDER

Model at 0° pitch

Cross-wind force on 62JIrck cyhnder j
(pounds)

Cross-wind force coefhcient (abso-
lute)

!.ngle ofFaw (degrees) I %%:;,

ITithout end With end
1~

Finite cylinder Inlirdte cyek~~
pIates C platesC’ C.=2 C[prl~s’.

(~~ Table z) cc+ c=x~

Fineness ratio =2.5

–-!---------- +3. 332 +3. 560 +6. S + L 7067 +1. 8228
o---------- –. 10s —. 133 23.1 +. 0293 -1-.0361

+4----------- –3. 226 –3. 576 10.9
8__________

– L 6350
–4. 801

— L 8132
—5. 178 7.9 –2. 3903 –2. 5791

12--------- —5. 591 —5. 878 5.1 —2. 7162 —2. 8547
16_,________ –6. 155 –6. 393 3.9 —2. 9518 –3- 0669

+20_________ –6. 517 – 6.707 +-2. 9 –3. 0s19 –3. 1713

Fineness ratio =4.0

–4---------- +3.376 ‘t +:&: + 10.9 +1. 7909
o---------- —. 070 11.4 ~ —. 2119

+4--------- – 3.632 –3: 923 —’2. 0205
;;

?;:::::::::] :;;;! ! ~;% 8 ~ --; ;:;:

16--------- —s.594 ‘ –9. 151 —~ 2347
+20--------- –6. 949 –7. 796 -& –2. 7918

+1. 9S61
–. 2361

—2. 1821
–3. 3984
—4 1271
–4.5100
–3. 1324

22?

. -—

..

._
- —.——

——

.—

-—
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[Elliptic cylinder. Fineneae ratio= 2.5rmd 4.0]

TABLE VII

DRAG ~ITE AhrD N’lTHOUT END PLATES AT 30 M. P. E., PERCEh”T.4QE DIFFERENCE,
AND COEFFICIENT FOR INFINITE CYLINDER

Model at 0° pitch

Drag of 62-inch cylinder (pounds) Percentage Drag coe5cient (absolute)

Angle of yaw difference

(degrees) lFit&&rj~errd l%l&?:d I IOO(D’-D) Finite c~linder Infinite cylinder
D CD=!2D/P~12~.

D D’ (W Table 3) CD+CDXE;2

Fineness ratio= 2.5

–4__________
o______________
+4----------
8____________
lo-------------
16-----------
+20_________

0 492
. 515
.498
.541
.595
.680
.798

I

i
–4__________ 0.397
o------------ .349
+4__________ .389
8------------- .488
12_____________ .641
lo___________ .839
+-20_________ 1<668

0.4s4 !
.517
.494
.513
.549
.629
.758

,.. I

– 1.63
+.39
–. 80

–5. 18
–7, 74
–.? 50
–5. 02

0.2527
.2628
.2477
.2674
.3037
.3481
.3991

0.2511
.2638
.2457
.2535
.2802
.3220
.3791

Fineness ratio =4.0

O. 388
.352
.379
.455
.577

751
1:640

–-2: 27 0.2099 0.’2051
+. 86 ‘. 1862 .1878

–2, 57 .2073 .2020
–6. 77 .2578 .2403
– 9.99 .3330 , 2997

–lo. 49 .

–1. 68 1: %% 1: %::

—



FORCES ON’ ELLIPTIC CYLNDERS LV UNIFORM AIR STREAM

[Elliptic cylinder. various fineness ratio]

TABLE VIII

DRAG Ab’D DRAG COEFFICfEh-TS AT TARIOLW SPEEDS

klodeI at 0° pitch and 0° yaw

A-et I measured .dmg
of 62-~ch crlmder >.e~ &ag pr f~*t -,

.4u speed (X. P. H.}
Drag eoefiicient

or 62-inch segment - D (pounds) Fl d (ft.Xft./sec.)
of inEnitecylinder c.=+~
(pOlmds)

Fheness ratio =2.5

do_-- ________! 0.316 0.061 4 Ss O. 3587
do___________ .535 . 10+ 7.33 .2699
40-----------[ .715 . 1,3s 9.78 .2029
do-----..__._! 866 . 16S 12.22 .1573
60--------_--i 1:072 .207 14.67 .1352

1

Fineness ratio= 3.0

20----------- 0.262 0.051
I

4- S8
1“-

0.2974
do___________ .452 . 0s7 7.33 I

.2280
do___________ 5s1 .112 9. 7s
do___________ :720 .139 12.2’2 ~ :i:&
DO___________ .916 .177 14.67

I 1105
Fineness ratio =3.5

do----------- O. 235 0.045 4ss
\
I O. 2667

do----------- .424 . OS? 7.33
do----------- t :;;;;

do___________ ::::
9.78

~ :::

12.22 .1322
DO___________ . 90s 14.67 .1145

Fineness ratio =4.0

20___________ 0.210 I 0.041 1 ‘L Ss
do___________ .377

0. 23S4

I .073 7.33 .1902
‘lo----------- 551

~ :;:;
9. 7s

do----------- :752
.1564

12.22 .1366
DO-----_=____ .9S6 .1 .191 14.67 .1244

I

J’1=.$ir speed in ft./see.
d=Thicknessof cylinder=O.16667 ft.
S= Frontaf area per foot run of cylinder= 0.16667 sq. ft.
p= Air density= 0.00237S slug/cu. ft.

1Net indicates model without holder. At 0° the increment due to end effect was negligible.

229
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[E1liptic cylinder 2 by 8 inches]

T.ABLE IX

OBSERVED Dn?FEREh7GE Ih~ PRE3SURE 13ETvFEEN NOSE AXD Eouas .4FT o~ NOSE, dp

dp=;p v2–p

Model at 0° pitch and 0° yaw

Air speed in miles per hour
Number of hole

20
\

30
1--- ‘-

i-40 -[50’ 60”
.}

70

dp in inches of alcohol on 1 to 10slope and 0.832 specific gravity

l___._-.-_l.-_l
2____________
3____________
4--__ --_-–_-l
5------------
6___. ____ —--
7.__. _.. ___F __
8_____________
9--_ -___ -____l
lo-_ ---====-.
ll.-_----—--
12-----------
13-----------
14___________
lo__ -_-. _=----
lo____________

0
.85

2.17
3.05
3.50
3.60
3.63
3. 7Q
3.63
3.50
3.27
3.23
3.08
2.80
2.70
2.50

0
1.93
: :;

7:87
8.20
8.32
8.60
8.40
8.30
7.75
7.30
6.68
6.05
5.70
5. 3~

o
3.42
8.70

12.15
13.85
1440 :
14.67
15.10
1483 _
14.58
13.80
12.77
11.15
10.21
9.44
8.90

0
5.33

13.70
1s. 92
21.45
22.45
22. so
23.52
23.23
22. S5
21.35
19.64
17.10
15.40
14.22
13.65

0
10.57
26. S5
36.90
41.67
43. 7s
44.75
45. Ss
45.33
44. 6S
41.64
3S. 25
32.53
2s. 90
26.93
26. 3S

dp converted to inches of water

I____________
2____________
3____________
4_____________
5_____________
6-------------
7--._-T__T~_-~
s.__ ---__ j---j
9___ -_-__ .__. i
lo-----------
11--..---1
12__ --_--l---l
lo_--_----_--\
lo__ -_---__ --/
lo------___--;
16__________~

0 0.
.071 .161
, 1s1 .412
.254 . 57s
.291 .654
.299 .6S2 ;
.302 692 ,
.308 ‘ :716 ‘
,302 .69S !

.;%J ~ ::!: ‘
, “616

.256
—.233 :~:; ~
.225
.208 :447 ~

o. : h,

.2S4
724 :

1:010
1.152
1.197
1.220
1.255 .;
L 233
1.212 “!”

1.135 !

o I

1::::~
2. 25S
;;;: \

2; 741
2.S03 ;
2.759
2.720
2.540
2.335 !

2.017 I
1.800 j
1.671”
1.621 !

o“

i %:
3.069
3.464
3.640
3.721
3. S15

2.240
2.194

1 [. I 5L I t- ,.



FORCES ON ELLIPTIC CYLLWDERS IN UNIFORM AIR STRE.4M 231

[Elliptic cylinder 2 by 8 inches]
TABLE X

POLTT PRESSURE, P, IN INCHES OF’ KATER AT TEE 16 HOLES

P=+ V–alp

Model at 0° pitch and 0° yaw

Nnmmy of

20 30

I

+0. 196

+: ;::
–. 05s

Air speed in miles per hour

50 ‘1’”
—

l----------
2__________
3__________
4---------- :
5----------
6----------
7----------
s__________
9__________

+ a 444
. 2S3

+. 032
–. 134
—. 210

+ L 771
L 133

+. 137
—. 4s7

+2. 411
1.532

+. 17s
–. 658

– L 053
— L 229
–L 310
— L 404
–L 359
—1. 304
–L 051

—. 770
—. 297
+. 00s

.

+: ;;;

+ O. 7S6

+: %
—-.224

+1. 230
. 7s7

+- 091
–. 343

.——
..

.-——
–. 095
–. 103
–. 106
–. 112
–. 106
–- 095
–. 076
—. 073
–. 060
–. 037
–. I)Z9
–- ol~

–. 366
–. 411
–. 434
–. 469
–. 447
–. 426
–. 362
–. 276
—. 142
–. 064
+. 001
-!-. 046

–. 554
–. 636
–. 665
—. 725
—. 702
–. 670
–. 545
–. 402
–. 192

—. 7s5
–. 903
–. 970

–1. 032
–. 9ss
—. 949
—. 769
–.564 {
–.246 ,

–. 23S
–. 24S
—- 272
–. 254
—. 246
–. 201
-.172
–. 112
–. 059
–. 030
–. 003

14---------
15---------
16---------

–. 051
+. 047
+. 095

–.029 ;
+. 100
+.150 I

I

[EIliptic cylinder 2 by 8 inches]
T ‘ABLE XI

POINT PRESSURE IN TERMS OF B-OSE PRESSURE P[+QP, AT I’ARIOUS AIR SPEEDS.

Modelat 0° pitch and 0° yaw

I
L’Umber of

hole
“20130

MI speed in miles per how

6040 54
——

l_________ +-1.000
2__________
3_____________ +: %:
4_________ —- 296
5---------- –. 4s5
6---------- —. 525
7__________ –. 544
fL--------- –. 574
9---------- –. 544
lo--------- –. 4s5
ll--------- –. 3ss
12--------- –. 372
13--------- –. 306
14--------- –. 1s9
15--------- –. 14s
16--------- –. 061

+1. 000

+: :%
—. 302
—. 473
–. 535
—. 559
–. 612-
—. 572
–. 554
—--454
–. 3ss
–. 252
–. 133
–. 06S
–. 007

+-1.000

+: %:
—. 2S5
—. 465
-.522
–. 550
–. 596
—. 569
–. 542
–. 460
—. 351
–. 1s0
–. 031
+. 001
+. 059

+-L 000
640
074

+1. 000

+: %;
—. 275
–. 443
–. 509
—. 547
–. 5S2
—- 55T
–. 535
–. 434
–. 31s
–. 139
–. 016
+. 056
+. 0s5

+1. 000

+: %:
—. 273
—- 437
—. 509
—. 543
–. 5s3
—. 564
—. 542
—. 436
–. 319
—. 123
+. 003

. Oil
+-.090

J_
,.

—.

—.

—-

—-

—.

—.

—.

—.

—.

—-

~79
450
517
541
5s9
571
545
443
327
156

—. 041
+. 03s
+. 077 ——

.
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[Elliptic cylinder 2 by g inches]

ALONG-STREAM FORCES PER FOOT RUIK

ADVISORY COMMITTEE FOR AERONAUTICS

‘TABLE X11.

07? CYLINDER EXPRESSED IN POUNDS AND IN TERMS OF TOTAL
.ME.4SURED DRAG

Mode] at 0° pitch and 0° yaw

Downstream Upstream
Air speed
(M. P. H.)

Pressursldrag

I / I I
Q=pl-pf

Push Suction Total m Push Suction Total PI

20-------- 0. 02s2
30________ .0633
40-------- .1125
50_________ .1761
60-------- .2536
70________ .3450

0.0490
.0921
.1406
.2044
.2855
.3807

0.0772
.1554
.2531
.3805
, 5391
.7257

Pounds per foot run

o
0
.0068
.0196
.0378
.0608

0.0548
.1222
.2134
.3311
.4734
.6363

—

Per cent, of tots.I measured drag

Fricc:gnal Total drag
D/ D=DP.+BJ

0.019
.040
.074
.116
.163

---------

0.041
.073
.107
.146
.191

----------- .

20________ 69 120 .189r ~~ 134 134!’ 45
213 ~

100
30-------- 126 167 167 %

1%
61

54 100
40-------- 131 236 ~ 199 205 ‘ioo
50-------- 121 140 261 13 227 240 2! ~ % 100
60--------
70_________ _---!?:_ ___.:::. ._._? !!_ -----?!- --__?!!_ _J::{-_-.-_:!:_:_ _______!:- ‘______=:!:__

FrG.17,—For F=40,50,60,0r70M, P.H.
Downstrerunpush c F,bo
Dowustremsuction cccod
Upstream prrsh m eof
Upstre&m suction m bed

Total area=[abo+ced)–(eof+bcd)
=agf–gcg

For 1’=200r30M. P.H.
Downstream push cx ribo
Downstre&ns uctimrcc efod
Upstream prrsh=O
Upstream suction m bgcd

Totelarea=(abo+cfod) –(O+bgcd)
=abgf–geg

,


